The results of acute laryngeal trauma sustained by 44 patients are reported. Three major aetiological groups are identified: road traffic accidents, blunt injury and penetrating injury. Road traffic accidents appear to produce severe injury, but the long-term follow-up results are similar to those laryngeal injuries which were not recognized initially and who developed a chronic stenosis. The blunt injury group sustained less forceful trauma; 14 of the 18 were treated conservatively and all patients had a good result. The majority of the penetrating injury group developed good breathing and a good voice following operation. Some of the technical expertise normally used to treat chronic laryngeal stenosis has been included in this series to good effect.
Introduction
Laryngeal injuries are rare. From a survey of Index Medicus it becomes apparent that the condition only achieved widespread interest at the end of the I960s, From 1950 to 1959, 103 papers were published on the subject and from 1970 to 1979, 328 papers ( Figure I Medicus 1950-79 interesting to note that the number of papers still seems to be rising while the incidence of the disease has fallen dramatically, It reached a peak when drivers wore lap-type seat belts, but since this type of restraint has been replaced by the whole harness so has the incidence of laryngeal injury fallen. Also contributingto the falling incidence are the speed limits introduced by many countries in response to the fuel shortage and also the increased safety factors built into cars. Tracheal injuries from intubation and tracheostomy have always been much more common in North America than in the United Kingdom, probably due to the differing attitudes to the status of anaesthesia as a specialty, but even these injuries now have fallen dramatically since the advent of the low-pressure cuff and an improving standard of recruitment to the specialty. The purpose of the present paper is to describe our experience of acute injuries. To create a definition which splits laryngeal injuries into acute and chronic is probably spurious, but for the purpose of this paper early or acute injuries have been defined as those recognized and treated within one week of occurrence.
Pathological concepts and treatment principles
The most essential step in the management of an acute laryngeal injury is to protect the airway. This means either a tracheostomy or the conservative management of closed injuries with steroids plus or minus intubation (Olson & Miles 1971) .
In an open injury the wound should be debrided and closed. Debridement of laryngeal and tracheal cartilages often means conversion from a simple repair to a partial laryngectomy or a tracheal pull-up operation and anastomosis. It therefore has quite a different meaning in the larynx from elsewhere in the body. In the closure of the wound steps must be taken to avoid the development of adhesions between raw mucosal surfaces, especially at the anterior supraglottis and the anterior and posterior commisures.
The cause of stenosis may be fracture of the cartilage, malunion or malposition as in cricoid injuries, or joint arthrodesis as in arytenoid injuries. More usually, however, narrowing of the lumen is due to submucosal bleeding which was not drained or which occurred after repair. After 3 days blood clot begins to granulate and after another week, when devascularization occurs, the area is filled with fibroblasts and replaced by scar tissue (Walter & Israel 1974 , Olson 1979 ). The larynx is particularly prone to stenosis from submucosal bleeding because of the large numbers of spaces or potential spaces in which it may occur. In the vocal cord a haemorrhage in Reinke's space is usually absorbed, but bleeding into the paraglottic space from detachment of the thyroarytenoid muscle is difficult to drain. The blood from this space passes down into the subglottis, abolishing the subglottic arch and causing a type of stenosis that is particularly difficult to eradicate. Chronic supraglottic stenosis is due to bleeding into the false cords, aryepiglottic fold or pre-epiglottic space. Replacement of these sites is by organized scar and similarly presents a difficult surgical problem.
Patients and methods A retrospective study was carried out on 44 patients who suffered acute injury to the larynx and trachea and who were seen between 1966 and 1980. There were 32 males and 12 females. The average age of the males was 34.1 years (range 1-85 years) and of the females 31.5 years (range 4-68 years) (Table 1 ). During the same period 62 patients with chronic stenosis of the larynx and trachea were treated by the authors; there were 40 males and 22 females. The average age of the males was 28.7 years (range 1-70 years) and of the females 35.2 years (range 1-74 years).
The results of treatment were assessed with regard to the two main physiological functions of the organ, namely phonation and breathing. Voice was considered to be satisfactory if the patient could phonate rather than whisper. Phonatory capacity was not assessed with regard to voice projection, which is the usual method, since the series is retrospective and many of the patients were not traceable after so many years. If breathing was not satisfactory the patient had a tracheostomy with a speaking tube. If no tracheostomy was necessary then it was considered that breathing was satisfactory.
Our normal treatment policy was as follows: History: The most important step in diagnosing an acute laryngeal injury is to be aware of the possibility in every patient who has had trauma to the upper half of his body. Dyspnoea and dysphonia are the main features leading to suspicion, with dysphagia and pain as lesser i n d i c a t o r s . ' Examination: Marks on the neck mayor may not be present and their absence does not rule out a fractured larynx, but it makes such a diagnosis unlikely. Surgical emphysema confined to the neck is almost pathognomonic of a breach in the airway. Loss of landmarks such as a thyroid prominence is also diagnostic. Any open wound of the neck should be explored, especially if it is lateral to the larynx, due to the possibility of great vessel damage. Radiology: Plain X-rays of the neck are helpful in confirming the presence of air in the soft tissues. With acute injuries tomography is seldom possible and, similarly, laryngography is usually also impractical; neither of these investigations, however, is particularly helpful in treatment planning. In chronic stenosis, however, they remain the lynch-pin of diagnosis. Laryngoscopy: This must be performed in all patients, and is usually carried out prior to opening the neck. It is also mandatory in closed injuries in order that soft tissue bleeding be assessed and later tissue thickening in stenosis prevented (Maran & Stell 1970) .
Results
The commonest cause of acute laryngeal trauma was blunt injury, accounting for 18 (41%) of the injuries. Road traffic accidents were responsible for 14 (32%) and other penetrating injuries were sustained by 12 (27%) of the 44 patients.
Blunt injuries
There were 18 patients in this group (12 males, 6 females). The average age was 27.2 years. Sports injuries (2 karate, 2 golf, 1 basketball, 1 cricket) accounted for 6, assaults for 4, injuries at work for 2, falls in the home for 3 and 3 were due to miscellaneous causes (intubation accident, attempted strangling, burns).
Just as the nose is the site most commonly injured on the face because of its prominence, so is the thyroid cartilage the commonest part of the neck to be injured: 15 patients had glottic injuries and 3 supraglottic injuries. There were no subglottic or combined injuries. Fourteen patients with glottic injuries were treated conservatively and one patient, who fell on the edge of a mantlepiece and had surgical emphysema, had an open reduction of a thyroid cartilage fracture. All had good results with regard to voice and breathing and none required permanent tracheostomy. The 3 supraglottic injuries were all fractured hyoids -one each from basketball, karate and an assault. Two of the hyoids required removal due to pain on swallowing and none of these patients had any interference with breathing or phonation.
It is not surprising that all of this group had good results because the degree of trauma to the larynx in these situations is less than that applied in a road traffic accident. Since the victim is not in a driving seat, a blow to the neck pushes him backwards and the larynx is not compressed against the vertebrae, which is an essential feature if the larynx is to fracture (Butler & Moser 1968 ). This also means that bleeding will be less and this is indicated by the small number of open operations required. If there is only a small amount of bleeding then it can be removed by macrophages and polymorphs, especially in fit young people which this group represents with an average age of 27.2 years.
Road traffic accidents
The mechanism of laryngeal fractures from this form of trauma has been well documented. The larynx is pushed backwards on to the cervical vertebrae and splayed out. If the larynx is calcified then it is shattered and fails to recoil to its original position. The anterior commisure is disrupted with detachment of the vocal cords and the epiglottis. The arytenoids are also compressed and either subluxated or detached. Subsequent arthrodesis of the cricoarytenoid joint is not unusual. Bleeding into the paraglottic space puts not only the glottic tissues at risk but also the subglottic space. If the larynx is not calcified it will recoil to its original position with a vertical fracture down the prominence and produce associated damage to the anterior and posterior commisures (Butler & Moser 1968 , Whited 1978 . If the trauma is below the glottis then cricotracheal separation is thelikely injury, with compression of the recurrent laryngeal nerves especially if the cricoid ring fractures (Fitz-Hugh et al. 1962) . Supraglottic injuries are rare since this area is protected by the chin and the site incidence in this series makes this obvious (Nahum & Siegel 1967) .
There were 14 patients in this group (10 males, 4 females). Seven injuries were glottic, 2 subglottic, 4 combined and only one was supraglottic. Eight of the 14 required open surgery; this higher operative rate than that in the blunt injury group is due to the greater severity of the trauma, the higher velocity of the blow and the severity of the bleeding due both to direct injury and shearing of the vessels.
The one patient with supraglottic damage only, required no surgery and had a good result. Five of the 7 glottic injuries had no surgery: 3 of these had good results, one had a poor voice and poor breathing and another had a good voice and poor breathing, both from arytenoid fixation. Both of these patients refused arytenoidectomy and were not bad enough for a permanent tracheostomy. Two of the 7 had open repair with a McNaught-Keel and both had a good airway but poor phonation. Both subglottic injuries were cricotracheal separations and both had resection of the damaged trachea and cricotracheal anastomosis. One had a good result and one had to have a permanent tracheostomy.
All 4 of the combined injuries required surgical repair. One patient had a repair with a Mcblaught-Keel and had a good result. Two patients had a repair around a solid stent left in for 8 weeks, one with a good result and the other a variable result involving good breathing and a poor voice. The last patient had to have a supraglottic laryngectomy and had a good result.
In summary, therefore, 8 patients had a good result, 5 had a mixed result, i.e. an adequate airway but poor phonation, and one had a permanent tracheostomy.
It has long been standard teaching that if acute laryngeal injuries are not diagnosed and dealt with early, then the results of surgery on the chronically-stenosed larynx are poor (Harris & Ainsworth 1965 , Montgomery 1973 ). This is not borne out by our experience. During the period in question we dealt with 21 patients with chronic stenosis of the larynx after road traffic accidents. The sex and site incidence were comparable with our acute group. While 8/14 (57%) of the acute group had a good result, 14/21 (67%) of the chronic group had a good result. Only 2 of the chronic group had to have a permanent tracheostomy as compared with one in the acute group. Each group had 5 patients with variable results.
Penetrating injuries
There were 12 patients in this group (10 males, 2 females). Six were attempted suicide with a knife, 3 were stab wounds, 2 were injuries due to running or driving onto a wire and one was due to a bolt penetrating the neck during an industrial accident.
Since a sharp object hitting the neck will almost certainly be deflected by the thyroid cartilage and hyoid, damage to the thyrohyoid membrane and cricotracheal and cricothyroid membrane is the most usual injury. In this series 9 were injuries to the thyrohyoid membrane, 2 were through the cricothyroid membrane and one cricoid was smashed. There were no injuries to the glottis.
All had surgical repair. Simple repair sufficedin 10; one had a stent inserted and had a good airway after a later cordopexy, but a poor voice; and one patient, who detached her arytenoids with a knife, refused further surgery after her original tracheostomy and kept one permanently. One patient died (male, aged 85, who attempted suicide) from bronchopneumonia. Nine patients had a good result.
If a patient survives a penetrating injury, the chances of a good result are high. If the wound is deep enough to sever the recurrent laryngeal nerves or arytenoids, then the chances are that the carotid artery or jugular vein will be divided and the result will probably be fatal.
Conclusions
If laryngotracheal injuries can be recognized and treated as soon as possible after the accident, chronic stenosis can be prevented. None of the 44 cases in this series underwent long-term treatment of a chronically stenosed airway. Twenty-two patients were managed conservatively and 20 had good results. The 2 patients with variable results developed arytenoid fixation and their symptoms were not severe enough to persuade them to accept cordopexy.
Of the 22 who underwent surgery, 15 (68.2%) had good results. One patient died, 2 patients (9%) had permanent tracheostomies (one as a result of arytenoid damage, who refused cordopexy), and 4 (18%) had variable results but did not wish further attempts to be made to rehabilitate their voices or to improve their airways.
These results are in marked contrast to our experiences in injuries which were unrecognized until the airway became stenotic due to skeletal malposition or organization within the laryngeal spaces. Of the 62 patients with chronic stenosis, 49 underwent surgical attempts at correction: 24 (49%) had good results, one died, 13 (26.5%) had permanent tracheostomies and 11 (22/ 0 ) had variable results. Thus, by recognizing and treating the severe injuries early, there is a 40% better chance of a good result and three times less chance of having to wear a tracheostomy tube permanently.
